ORIGINALLY FILED 

GENES AND GENETIC ELEMENTS ASSOCUIED WITH 
SENSmVTIY TO CHEMOlHERAPEUnC DRUGS 

(Case No. 93^54) 

BACKGROUND OF THE INVENTION 

5 This is a contiraiation-in-part of Serial No. 08/XXXXXX rmtemational 

application PCrAJS91/07492, filed as international application on October 11, 1991; not 
yet in U.S. national phase], which u a continuation-in-part of JJS. Serial No. 07/399,730, 
filed October 19, 1990. 

Field Of The liiYCTtion 

10 The invention relates to genetic factors associated with sensitivity to 

chemotherapeutic drugs. More particularly, the invention relates to methods for identifying 
such factors as well as to uses for such factors. 

Summarv Of The Related Art 

A broad variety of chemotherapeutic agents are used in the treatment of human 
15 cancer. For example the tertbook C4M:£/t iVinc^ 

(De Vita et al., Eds.), J3. lippincott Company, Philadelphia, PA (1985) discloses as major 
antineoplastic agents the plant alkaloids vincristine, vinblastine, vindesine, and 
VM-26; the antibiotics actinomydn-D, doxorubicin, daunonibidn, mithramydn. 
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mitomycin C and bleomycin; the antimetabolites methotrexate, S-fluorouradl, 
5-fluorodeoxyuridinet 6-mercaptopurine, 6-thioguanine, cytosine arabinoside, 5-aza-cytidine 
and hydroxyurea; the allgrlating agents ^dophosphamide, melphalan, busulfan, CCNU, 
MeCCNU, BCNU, streptozotocta chlorambucil, cis-diamminedichloroplatinum, 
5 azetidinylbenzoquinone; and the miscellaneous agents dacarbazine, mAMSA and 
mitoxantrone. 

These and other chemotherapeutic agents such as etoposide and amsacrine have 
proven to be veiy useful in the treatment of cancer. Unfortunately, some tumor cells 
become resistant to specific chemotherapeutic agents, in some instances even to multiple 

10 chemotherapeutic agents. Such drug resistance or multiple drug resistance can theoretically 
arise from either the presence of genetic factors that confer resistance to the drags, or from 
the absence of genetic factors that confer sensitivity to the drags. The former type of factors 
have been identified, and include the multiple drag resistance gene mdr-1 (see Chen et al.. 
Cell 47J81-389 (1986)). However, the latter type of factor remains largely unknown, 

15 perhaps in part because such absence of factors would tend to be a recessive trait 

Identification of genes associated with sensitivity to chemotherapeutic agents is 
desirable, beosuse the discoveiy of such genes can lead to both diagnostic and therapeutic 
approaches for cancer celk and for drag resistant cancer cells, as well as to improvements 
in gene therapy and rational drag design* Recently, some developments have been made 

20 in the difficult vea of isolating recessive genetic elements, including one involved in 
cytotoxic drug sensitivity. Roninson et al.. VS. Patent No. 5.XXX,XXX (Serial No. 
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07/599 J30; allowed September 9, 1992) teaches a generalized method for obtaining genetic 
suppressor elements (GSEs), which are dominant negative factors that confer the recessive- 
type phenotype for the gene to which the particular GSE corresponds. (See also Holzmayer 
et al.. Nucleic Adds Res. 25:711-717 (1992))- Gudkov et al.. Proc Natl. Acad. Sd. USA 

5 (1993) [in press as of filing date] teaches isolation of GSEs inducing resistance to 

topoisomerase Il-interactive drugs from topoisomerase n cDNA. However, there remains 
a need for identifying yet unknown genes or genetic elements assodated with sensitivity to 
chemotherapeutic agents, a task made more difficult by the unavailability of a doned gene 
as starting material for preparing GSEs. Preferabfy, such genes or genetic elements will be 
10 involved in a common pathway that is implicsited in sensitivity to more than one 
chemotherapeutic agent Most preferabty, such genes or genetic elements will be identified 
by direct selection of QSEs causing loss of the drug sensitivity phenotype. 
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BRIEF SUMMARY OF THE INVENTION 

The invention provides genetic suppressor elements (GSEs) that confer upon cells 
resistance to chemotherapeutic drugs. These GSEs are random fragments derived from 
genes associated with sensitivity to chemother^ieutic drugs, although the nature of such 
5 genes can be quite surprinng. 

In a first aspect, the invention provides a method for identifying GSEs that confer 
resistance to any chemotherapeutic drug for which resistance is possible. This method 
utilizes chemotherapeutic drug selection of cells that harbor clones from a random fragment 
expression library derived from total cDNA and subsequent rescue of library inserts from 

10 drug-resistant cells. In a second aspect, the invention provides a method for identifying and 
cloning genes that are associated with sensitivity to chemotherapeutic drugs, including genes 
that have not been previously discovered. This method comprises the steps of screening a 
full length cDNA library with a GSE that confers upon cells resistance to chemotherapeutic 
(or an oligonucleotide or polynucleotide constituting a portion of such a GSE) and 

IS determining the nucleotide sequence of the cDNA insert of ar^ positive clones obtained. 
In a third aspect, the invention provides a method for obtaining GSEs having optimized 
suppressor activity for a gene assodated with sensitivity to a chemotherapeutic drug. This 
method utilizes chemotherapeutic drug selection of cells that harbor clones from a random 
fragment expression library derived from DNA of a gene associated with sensitivity to the 

20 same chemotherapeutic drug, and subsequent rescue of the library inserts from drug 
resistant cells. In a fourth aspect, the invention provides synthetic peptides and 
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oligonucleotides that confer upon cells resistance to chemotherapeutic drugs. These 
synthetic peptides and oligonucleotides are designed based upon the sequence of a drug- 
resistance conferring OSEs according to the invention. 

In a fifth aspect, the invention provides a <Uagnostic assay for tumor cells that are 
5 resistant to one or more chemotherapeutic drug due to the absence of expression or 
underexpression of a particular gene. This lUagnostic assay comprises quantitating the level 
of expression of the particular gene product by a particular tumor cell sample to be tested. 
In a sixth aspect, the invention provides dominant selectable markers that are useful in gene 
co-transfer studies. These dominant selectable markers are drag resistance-conferring GSEs 

10 according to the invention operably linked to appfx>priate transcriptional control elements. 
In a seventh aspect, the invention provides in vjvs^-selectable markers that are useful both 
for gene therapy and for enhanced chemotherapy for cancer. Such Jd vivo selectable 
markers are transferred into blood progenitor cells, which are then used to repopulate the 
patient's blood exclusively with celk that contain a co-transferred therapeutic gene, or for 

IS chemother^yy, just the chemotherapeutic drag resistance conferring GSE. In an ei^th 
aspect, the invention provides a starting point for the rational design of pharmaceutical 
products that are useful against tumor cells that are resistant to chemotherapeutic drags. 
By examining the stracture, function, localization and pattern of tsxpresAon of genes 
associated with sensitivity to chemotherapeutic drags, strate^es can be developed for 

20 creating pharmaceutical products that will overcome drag resistance in tumor cells in which 
such genes are either not esqnessed or underexpressed. 
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BRIEF DESCRIPTION OF IHE DRAWINGS 

Figure 1 shows the nucleotide sequences of twelve GSEs that confer etoposide 
resistance upon cells and that were derived from topoisomerase n DNA, using a single gene 
random fragment expression libraiy, as described in Example 1. The GSEs shown are (A) 
5 clone 2V [SEQ. ID. NO. 1], (B) clone £11 [SEQ. ID. NO. 2), (C) done 6 [SEQ. ID. NO. 
3, (D) clone 5 [SEQ. ID. NO. 4], (E) clone £28 [SEQ. ID. NO. 5], (F) clone £2 [SEQ. ID. 
NO. 6]. (G) clone £20 [SEQ. ID. NO. 7], (H) clone 39 [SEQ. ID. NO. 8]. (I) clone 12S 
[SEQ. ID. NO. 91 (J) clone £8 [SEQ. ID. NO. 10], (K) done £VP82 (SEQ. ID. NO. 11]. and 
(L) done £VM [SEQ. ID. NO. 12]. 

10 Figure 2 shows a scheme for construction of RFEL from NIH 3T3 cDNA. Panel A 

shows the overall construction scheme. Panel B shows normalization of the cDNA 
fragments. In this panel, t represents total unfractionated cDNA, s and d represent the 
single-stranded and double-stranded fractions separated by hydrcnyapatite, time points 
indicate the period of reannealing, and tubulin* c-myc, and c-fos indicate the probes used 

IS in Southern hybridization with the total, single-stranded and double-stranded fractions. 

Figure 3 shows the structure of the UNCX vector and the adaptor used for cDNA 
doning. The nudeotide sequences are shown for the ATG-sense [SEQ. ID. NO. 13] and 
ATG-antisense [SEQ. ID. NO. 14] strands of the adaptor. 
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Figure 4 ihowi the overall scheme for selecting cell lines containing 
chemotherapeutic drug resistance<conferring GSEs and rescuing the GSEs from these cells. 

Figure 5 shows etoposide resistance conferred by preselected virus (Panel A) and 
PGR analysis of the selected and unselected populations (Panel B). 

5 Figure 6 shows a scheme for redoning individual PCR-amplified fragments from 

etoposide resistant selected cells into the LNCX vector, as described in Example 4. 

Figure 7 demonstrates resistance to 3S0 ng/ml etoposide. conferred upon the cells 
by the GSEs VPA (Panel A) and VP9-11 (Panel B). 

Kgure 8 shows resistance to various concentrations of etopomde. conferred upon the 
10 cells by the GSE anti-J^ha under an IFTG-indudble promoter (Panel A) and the scheme 
for this selection (Panel B). 

Hgure 9 shows the nucleotide sequence of the GSE anti ^khcs [SEQ. ED. NO. 15]. 

Figure 10 shows the nucleotide sequence of the GSE VPA [SEQ. ID. NO. 16]. 

Figure 11 shows the nucleotide sequence of the GSE VP9-11 [SEQ. ID. NO. 17]. 



-7- 



Figure 12 shows the nucleotide sequence of the most of the coding region of the 
mouse ih£a cDNA (SEQ. ID. NO. 18]. 

Figure 13 shows the dot matrix alignments of Jdda protein sequence deduced from 
the nucleotide sequence in Figure 12 with kinesin heavy chain sequences from human (Panel 
5 A), mouse (Panel B), squid (Pand C) or the portion of mouse khcg encoded fay the anti -khcs 
GSE (Panel D). 

Kgure 14 shows the plating efficiency in the presence of various chemotherapeutic 
drugs of NIH 3T3 cells infected with the LNCX vector Gndicated fay crosses) or with the 
LNCX vector containing the anti-Jdiua GSE Qndicated by dots). 

10 Figure 15 demonstrates increased immortalization of primaiy mouse embiyo 

fibroblasts by infection with the LNCX vector containing the anti -khcs GSE, relative to cells 
infected with the LNCX vector alone or uninfected (control) cells. 

Figure 16 shows cDNA-PCR quantitative analysis of expression of the human khca 
gene in various unseiected and etopoiide-selected human HeLa cells. Lanes a shows results 
15 for clone CX(0), lands a' for done CX(200), lanes b for clone £ll(OX lanes b' for clone 
£11 (1000), lanes c for clone 6(0), lanes c' for clone 6(1000). lanes d for clone £20(0) and 
lanes d' for clone £20 (1000). The numbers in parentheses for each clone name indicate 
the concentration of etoposide (ng/ml) present in the growth media. Bands indicative of 
JUia expression are shown along with bands for B-2 microglobulin expression as an internal 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIME^f^S 

The invention relates to means for suppressing specific gene functions that are 
associated with sensitivity to chemotherapeutic drugs. The invention provides genetic 
suppressor elements (GSEs) that have such suppressive effect and thus confer resistance to 
5 chemotherapeutic drugs. The invention further provides methods for identifying such GSEs» 
as well as methods for their use. 

In a first aspect, the invention provides a method for identifying GSEs that confer 
resistance to any chemotherapeutic drug for which resistance is possible. The GSEs 
identified by this method will be homologous to a gene that is associated with sensitivity to 

10 one or more chemotherapeutic drug. For purposes of the invention, the term "homologous 
to a gene* has two different meanings, depending on whether the GSE acts through an 
antisense or antigene mechanism, or rather through a mechanism of interference at the 
protein level. In the former case, a GSE that is an antisense or antigene oligonucleotide 
or polynucleotide is homologous to a gene if it has a nucleotide sequence that hybridizes 

15 under physiological conditions to the gene or its mRNA transcript by Hoogsteen or Watson- 
Crick base-pairing. In the latter case, a GSE that interferes with a protein molecule is 
homologous to the gene encoding that protein molecule if it has an amino acid sequence 
that is the same as that encoded by a portion of the gene encoding the protein, or that 
would be the same, but for conservative amino add substitutions. In either case, as a 

20 practical matter, whether the GSE is homologous to a gene is determined tyy assessing 
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whether the GSE is capable of inhibiting or reducing the function of the gene. 

The method according to this aspect of the invention comprises the step of screening 
a total cDNA or genomic DNA random fragment expression Ubraiy phenotypically to 
identify clones that confer resistance to a chemotherapeutic drug. Preferably, the library of 
5 random fragments of total cDNA or genomic DNA is cloned into a retroviral expression 
vector. In this preferred embodiment, retrovirus particles containing the library are used 
to infect cells and the infected cells are tested for their ability to survive in a concentration 

J 

of a chemotherapeutic drug that kills uninfected cells. Preferably, the inserts in the library 
will range in size from about 100 b.p. to about 700 b.p. and more preferably, from about 200 

10 b.p. to about 500 b.p. Most preferably, the randoin fragment library will be a normalized 
library containing roughly equal numbers of clones corresponding to each gene expressed 
in the cell type from which it was made, without regard for the level of e3q>res5ion of any 
gene. However, normalization of the library is unnecessary for the isolation of GSEs that 
are homologous to abundantly or moderately expressed genes. Once a clonal population 

15 of cells that are resistant to the chemotherapeutic drug has been isolated, the libraiy clone 
encoding the GSE is rescued from the cells. At this stage, the insert of the expresnon 
library may be tested for its nucleotide sequence. Alternatively, the rescued library clone 
may be further tested for its ability to confer resistance to chemotherapeutic drugs in 
additional transfection or infection and selection assays, prior to nucleotide sequence 

20 determiruttiorL Determination of the nucleotide sequence, of course, results in the 
identification of the GSR This method is further illustrated in Examples 2-5. 
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In a second aspectt the invention provides a method for identifying and cloning genes 
that are associated with sensitivity to chemotherapeutic drugs, including genes that have not 
been previously discovered This is because GSEs, or portions thereof, can be used as 
probes to screen full length cDNA or genomic libraries to identify their gene of origin. In 
5 some cases, genes that are associated with sensitivity to chemotherapeutic drugs will turn 
out to be quite surprising. For example, GSEs that abrogate etoposide sensitivity are of a 
particularly surprising nature. The target for etoposide is topotsomerase n, a DNA 
unwinding enzyme. GSEs prepared from random fragments of topoisomerase U DNA do 
confer resistance to etoposide. Accordingfy, it would be expected that most GSEs conferring 

10 etoposide resistance would be derived from DNA encoding toposisomerase n. Suiprisingly, 
this is not the case at all. Of three etoposide resistance^onferring GSEs obtained, two were 
derived from previously unidentified DNA sequences. A third such GSE was derived from 
the kinesin heavy chain gene. Prior to this discovery, there was no suspicion that kinerin 
was in any way implicated in etoposide sensitivity. These results suggest that the method 

15 according to this aspect of the invention will provide much new and surprising information 
about the genetic basis for resistance to chemotherapeutic drugs. In addition, a kinesin- 
derived GSE conferring resistance to etoposide caused cellular effects suggesting that 
kinesin may t>e involved in progranuned cell death. If this is indeed the case, then the 
method according to thb aspect of the invention also pro^des valuable information about 

20 the genetic basis for senescence and cell death. This may have important implications for 
stud)ing genes involved in development, since GSEs used to identify genes assodated with 
chemotherapeutic drug resistance or senescence can also be expressed as transgenes in 
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embryos to determine the role of such genes in development The method according to this 
aspect of the invention and its use for studying genes identified thereby and their cellular 
effects are further illustrated in Examples 6-8. 

In a third aspect, the invention provides a method for obtaining OSEs having 
5 optimized suppressor activity for a gene associated with senntivity to a chemotherapeutic 
drug. In the method according to this aspect of the invention, an initial GSE is obtained 
by the method according to the first aspect of the invention. Then, the gene from which the 
GSE is derived is identified and cloned by the method according to the second aspect of the 
invention. This gene is then randomly firagmente^^ and cloned into an expression vector, 

10 preferably a retroviral vector, to obtain a random fragment expresnon library derived 
exclusively from the gene of interest. This library is then transferred to and expressed in 
mammalian celts, which are selected in the presence of the appropriate chemotherapeutic 
drug. As a practical matter, such a library will contain a much greater variety of OSEs 
derived from the gene of interest than will a random fragment library prepared from total 

IS cDNA. Consequently, the likelihood of obtaining optimized OSEs, as determined by 
maximized chemotherapeutic drug resistance, from the single gene random fragment library 
is much higher. A single gene random fragment library approach is shown in greater detail 
in Ejuunple 1. 
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In a fourth aspect, the invention provides synthetic peptides and oligonucleotides that 
are capable of inhibiting the function of genes associated with sensitivity to 
chemotherapeutic drugs. Synthetic peptides according to the invention have amino add 
sequences that correspond to amino add sequences encoded by GSEs according to the 

5 invention. Synthetic oligonucleotides according to the invention have nudeotide sequences 
corresponding to the nucleotide sequences of GSEs according to the invention. Once a 
GSE is discovered and sequenced, and its orientation is determined, it is straightforward to 
prepare an oligonudeotide corresponding to the nudeotide sequence of the GSE (for 
antisense-oriented GSEs) or amino add sequence encoded fay the GSE (for sense-oriented 

10 GSEs). In certain embodiments, such synthetic peptides or oligonudeotides may have the 
complete sequence encoded by the GSE or may have only part of the sequence present in 
the GSE, respectively. In certain other embodiments, the peptide or oligonudeotide may 
have only a portion of the GSE«encoded or GSE sequeiKe. In such latter emt>odiments, 
undue experimentation is avoided by the observation that many independent GSE clones 

15 corresponding to a particular gene will have the same 5* or 3' tenmnus, but generally not 
both. This suggests that mariy GSEs have one critical endpoint, from which a simple 
walking experiment will determine the minimum size of peptide or oligonucleotide necessary 
to inhibit gene functiorL For peptides, functional domains as small as 6-8 amino adds have 
been identified for imunoglobulin binding regions. Thus, peptides or peptide mimetics 

20 having these or larger dimensions can be prepared as GSEs. For antisense oligonudeotides, 
inhibition of gene function can be mediated by oligonucleotides having suffident length to 
hybridize to their corresponding mRNA under physiological conditions. Generally, 
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oligoiuideotidet having mbout 12 or more buef will fit this descriptioiL Preferably, such 
oligonucleotides will have from about 12 to about 100 nucleotides. As used herein, the term 
oligonucleotide includes modified oligonucleotides having nuclease*resistant intemudeotide 
linkages, such as phosphorothioate, methylphosphonate, phosphorodithioate, 
5 phosphoramidate, phosphotriester, sulfone, siloxane, carbonate, carboxymethylester, 
acetamidate, carbamate, thioether, bridged phosphoramidate, bridged methylene 
phosphonate and bridged phosphorothioate intemudeotide linkages. The synthesis of 
oligonucleotides containing these modified linkages is well known tn the art. (See e-g,. 
Uhlmann and Peyman, Chemical Renews ifi:543-S84 (1990); Schneider and Banner, 
10 Tetrahedron Letters 31:335 (1990)). The - term oligonudeotides also includes 
oligonucleotides having modified bases or modified ribose or deoxyribose sugars. 

In a fifth aspect, the invention provides a diagnostic assay for tumor cdls that are 
resistant to one or more chemotherapeutic drug due to absence of expression or 
underexpression of a particular gene. By using the methods according to the first and 

15 second aspects of the invention such a gene will be identified and doned. To determine 
whether absence of expression or underexpression of such a gene is a naturally occurring, 
and thus medidedly sigiuficant basis for chemotherapeutic drug resistance, human tumor cells 
can be treated with cytotoxic quantities of an appropriate chemotherapeutic dmg to select 
for spontaneous drug resistant mutants. These mutants can then be assessed for their level 

20 of expression of the particular gene of interest Absence of expression or significantly 
reduced expression indicates a natural mechanism of chemotherapeutic drug resistance. 



-15- 



Accor(Uiigly, sudi reduced or absent expression can be the basis for a diagnostic assay for 
tumor cell resistance to the chemotherapeutic drug or drugs of interest A first embodiment 
of a diagnostic assay according to this aspect of the invention utilizes an oligonucleotide or 
oligonucleotides that is/are homologous to the sequence of the gene for which expression 
5 is to be measured. In this embodiment, RNA is extracted from a tumor sample, and RNA 
specific for the gene of interest is quantitated by standard filter hybridization procedures, 
an RNase protection assay, or by quantitative cDNA-POl. (See Noonan et al., Proc Nati. 
Acad. Sci. USA £Z:7160-7164 (1990)). In a second embodiment of a diagnostic assay 
according to this aspect of the invention, antibodies are raised against a synthetic peptide 
10 having an amino acid sequence that is identical to a portion of the protein that is encoded 
by the gene of interest These antibodies are then used in a conventional quantitative 
immunoassay (&gv RIA or immunohistochemical assays) to determine the amount of the 
gene product of interest present in a sample of proteins extracted fi-om the tumor cells to 
be tested, or on the surface or at locations within the tumor cells to be tested. 

IS In a sixth aspect, the invention provides dominant selectable markers that are useful 

in gene co-transfer studies. Since GSEs according to the invention confer resistance to 
chemotherapeutic drugs, the presence of a vector that expresses the GSE can readily be 
selected by growth of a vector-transfected cell in a concentration of the appropriate cytotmic 
drug that would by cytotoxic in the absence of the GSE. GSEs according to the invention 

20 are particulariy well suited as dominant selectable markers because their small size allows- 
them to be easily incorporated along with a gene to be cotranfered even into viral vectors 
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having limited packa^ng capadty. 

In a seventh aspect, the invention provides jo jmOhselectable markers that are useful 
both in gene therapy and in enhancing the effectiveness of chemotherapy. For gene therapy. 
GSEs according to the invention can be co-transferred on a vector into human CD34^ blood 
5 progenitor cells from a patient along with a therapeutic gene that, when esqpressed, will 
alleviate a genetic disorder. The ceUs can be selected in vitro for resistance to an 
appropriate cheinotherapeutic drug, thereby assuring successful transfer of the GSE, and by 
implication, of the then4>eutic gene as weU. The progenitor cells containing the GSE and 
therapeutic gene can then be returned to the patient's circulation. Finally, the cells 

10 containing the GSE and therapeutic gene can be selected jQ,^ivg» by administration of the 
appropriate chemotherapeutic drug (to which the GSE confers resistance) in a concentration 
that is. cytotoxic to .normal Uood cells. In this way, those ceUs having the GSE and 
therapeutic gene will repopulate the patient's blood. 

For enhancement of chemotherapy, a GSE according to the invention can be 

IS transferred alone or with another gene on an expression vector into CD34* blood progenitor 
cells taken from a cancer patient. In vitrQ selection of the progenitor cells harboring the 
GSE is thciii'camed oiit, using the appropriate chemotherapeutic drug. The selected cells 
are then returned to the patient's circulation and allowed time to be^ repopulating the 
blood. After an appropriate period, aggressive chemotherapy can be carried out, using 

20 much higher than ordinary concentrations of an appropriate chemotherapeutic drug (to 
which the GSE confers resistance), since toxic side effects to the immune system will be 
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avoided due to GSE expresnon in those cells. 

In either of these therapeutic contcsctSi it may be desirable to have the GSE 
e3q>ressed in the progenitor cells (and subsequently in the blood ceUs), only when its 
eqiression is beneficial, Is^ during jn selection of cells harboring the GSE and again 
5 during in .yivfi selection or chemotherapy. To accomplish this, an inducible promoter can 
be used to express the GSR Then, the appropriate inducing agent is added to the cells 
prior to and during in vitro selection and again prior to and during jn vivo selection or 
chemotherapy. As long as the inducing agent is not normally present in the human body, 
the GSE will not be expressed at any other time. 

10 In an eighth aspect, the invention provides a starting point for the rational design of 

pharmaceutical products that can counteract resistance by tumor cells to chemotherapeutic 
drugs, The protein sequence encoded by genes from whidi the GSEs were derived can be 
deduced from the cDNA sequence, and the function of the corresponding proteins may be 
determined by searching for homology with known genes or by searching for known 

15 functional motives in the protein sequence. If these assays do not indicate the protein 
function, it cwi be deduced through the phenotypic effects of the GSEs suppressing the 
gene. Such effects can be investigated at the cellular level, by analyzing various growth- 
related, morpholopcal, biochemical or antigenic changes associated with GSE expression. 
The GSE effects at the organism level can also be studied by introducing the corresponding 

20 GSEs as transgenes in transgenic animab (e.g. mice) and analyzing developmental 
abnormalities associated with GSE expression. The gene function can also be studied by 
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expressing the fuU-length cDNA of the corresponding gene, rather than a GSE, from a 
strong promoter in cells or transgenic animals, and studying the changes associated with 
overexpression of the gene. 

Full-length or partial cDNA sequences can also be used to direct protein synthesis 
5 in a convenient prokaiyotic or eukaiyotic eq>ression system, and the produced proteins can 
be used as immunogens to obtain polyclonal or monoclonal antibo<Ues. These antibodies 
can be used to investigate the protein localization and as specific inhibitors of the protein 
function, as well as for diagnostic purposes. In particular, antibodies raised against a 
synthetic peptide encoded by part of the complement of the sequence of the GSE anti -khcs. 

10 or the corresponding region of the human KHCS protein should be particularly useful, as 
should antibodies raised against an amino add sequence encoded by part of the VPA or 
VP9-11 GSEs (see Figures 9-11). 

Understanding the biochemical function of a gene involved in drug sensitivity is likely 
to suggest pharmaceutical means to stimulate or mimic the function of such a gene and thus 

15 augment the cytotoxic response to anticancer drugs. For example, if the gene encodes an 
enzyme produdng a certain compound, such a compound can be synthesized chemically and 
administered in combination with cytotoxic drugs. If a pharmaceutical approach is not 
apparent from the protein function, one may be able to upmodulate gene e9q>ression at the 
level of transcription. This can be done by domng the promoter region of the 

20 corresponding gene and analyzing the promoter sequence for the presence of cis elements 
known to provide the response to spedfic biological stimulators. 



-19- 



J, o-o jjl:p .1 V a 3 a o £: 



The most straightfofward way to increase the expression of a drug sensitivity gene, 
identified through the GSE approach, would be to insert a fiiU-length cDNA for such a gene 
into a retroviral vector. Such a vector, in the form of a recombinant retrovirus, will be 
delivered to tumor cells jo vivo, and, upon integration, would sensitize such cells to the 

5 effects of the corresponding chemotherapeutic drug. A similar strategy for selective delivery 
of a drug-sensitivity gene into rat brain tumors, followed by curative treatment with the 
appropriate drag, was reported by Culver et al.. Science 256:1550-1552 (1992). The selective 
delivery to tumor cells can be accomplished on the basis of the selectivity of retrovirus- 
mediated transduction for dividing cells. Altenatively, the ^selectivity can be achieved by 

10 driving the expression of the drag sensitivity gene from a tissue- or tumor-spedfic promoter, 
such as, for example, the promoter of the carcinoembiyonic antigen gene. 

The protein stracture deduced from the cDNA sequence can also be used for 
computer-assisted drag design, to develop new drags that affect this protein in the same 
manner as the known anticancer drags. The purified protein, produced in a convenient 

15 expression system, can also be used as the critical component of in SOSlSi biochemical 
screening systems for new compounds with anticancer activity. Accordingly, mammalian 
cells that express chemotherapeutic drag resistance-conferring GSEs according to the 
invention are useful for screening compounds for the ability to overcome drag resistance. 
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The following examples are intended to further illustrate certain preferred 
embodiments of the invention and are not limiting in nature. 

EMmgk 1 

Development Of GSEs For Human Toooisom^^#> n 

5 Topoisomerase 11 is a DNA unwinding enzyme that serves as a target for many anti- 

cancer drugs, including etoposide, doxorubicin and amsacrine. The em^e normally acts 
by double-strand DNA cleavage, followed by strand passage and religation of the breaks. 
Anti-cancer drags cause trapping of the enzyme in complexes having double-strand breaks 
held together by the enzyme, thereby leading to lethal damage in replicating cells. Some 

10 cell lines that are resistant to anti-cancer drugs that interact with topoisomerase n have 
decreased expression of this enzyme. 

Random fragment selection of GSEs requires transfer of the expression library into 
a very large number of recipient cells. Therefore, to prepare a random fragment Ubrary 
containing GSEs for topoisomerase n, the efficient retroviral vector system was chosen. 

15 Overlapping cDNA clones spanning the entire codirig sequence for topoisomerase n were 
mixed and randomly fragmented into 250-350 bp fragments by DNase I in the presence of 
Mn^^ ions and fragment termini were filled in with T4 DNA po^erase and Klenow 
fragment of DNA po^rmerase 1. After ligation with a synthetic adaptor providing translation 
initiation and termination codons, the fragment mixture was amplified by PGR, umng 

20 adaptor-derived primers. The amplified mixture was cloned into the LNCX retroviral vector 
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which contains a Jiss gene, (see Miller and Rosman, Biotechniqes 2^980-986 (1989)). 

A random fragment library containing 20,000 independent clones was obtained, and 
was used to transfect amphotropic and ecotropic virus-packa^ng cell lines derived from NIH 
3T3 cells, to effect ping-pong replication*mediated amplification of the virus (e.g., see 

S Bodine, et al. Proc. Natl. Acad, Sd. USA JSZ:3738-3742 (1990)). This resulted in a random 
fragment expression libraiy (RFEL), a set of recombinant retroviruses containing a 
representative mixture of inserts derived from topoisomerase n gene sequences. 

The uniformity of sequence representation in RFEL was monitored as follows. NIH 
3T3 cells were infected with virus-containing supernatant followed 24 hours later by PGR 

10 amplification of integrated proviral insert sequences in the presence of [^P] alpha-dNTP. 
An aliquot of the PCR-ampIified mixture was subjected to gel electrophoresis to establish 
the absence of predominant bands. Another aliquot was used as a probe for a Southern blot 
of topoisomerase 11 cDNA digested with several frequentiy cutting restriction enzymes. A 
representative sequence mixture was obtained, as evidenced by the absence of a 

IS predominant band in the first test, and uniform hybridization to all fragments in the second 
test 

RFEL was then used to infect HeLa cells, and the infectants were selected with 
G418. Colonicss of G418-resistant cells* having about 50»70 cells each, were then e9q>osed 
to etoposide at a concentration of 200 Mg/ml. Approximately SO of 10,000 G418-resistant 
20 colonies were etoposide resistant compared to a frequency of <10^ when insertiess 
retroviruses were used as a control. Cell lines were isolated from etoposide-resistant 
colonies. Amphotropic and ecotropic packaging cell lines produdng RFEL were also 
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selected for etoposide resistance. Virus from etoposide resistant packaging cell lines was 
used to infect HeLa cells, which were then selected with G418. G418-resistant infectants 
were challenged with three topoisomerase Il-interactive anticancer drugs: etoposide, 
teniposide and amsacrine. A high proportion of infected cells were resistant to all three 

5 drugs, thus demonstrating that etoposide selection of mouse packaging cell lines has led to 
the generation of OSEs active in both human and mouse cells. These infectants were abo 
used to establish cell lines. RPEL^erived inserts were recovered from etoposide resistant 
cell lines by PGR and redoned into LNCX vector. The newly-derived clones were then 
individually tested for the ability to confer resistance to etoposide upon transfection into 

10 HeLa cells, to confirm the GSE activity of the corresponding inserts. 

Sequence analysis of 26 different isolated clones revealed that 16 of them were 
inserted in antisense and 10 in sense orientation. Of the 12 GSEs confirmed, 7 were sense 
and 5 antisense, as shown in Table 1. The sequences of the confirmed GSEs are shown in 
Figure 1. The sense-oriented inserts of the confirmed GSEs encode 37-99 amino add long 

15 topo n-derived peptides, initiating either from the ATG codon provided by the adaptor, or 
from an internal ATG codon within the open reading frame of Topoisomerase n, located 
dose to the S'.end of the insert in an appropriate context for translation initiation. Four of 
the confirmed antisense GSEs come from the 3' third of the cDNA and one from the 5' end 
of cDNA, induding the translation start site. Of the sense-oriented GSEs, five are derived 

20 from the central portion of the protein that includes the active site tyrosine-804 that 
covalently binds to DNA and the leudne upper' region involved in dimerization of 
Topoisomerase H One GSE peptide is derived from the repon near the N-terminus and 
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tnother from the region near the C-temunut of the protein; no known functional sites are 
assodated with either segment 



Table I 

Confirmed Topoisomerase II-Derived GSE 



10 



20 



Qones 


Orientation 
(Sense/Antisense) 


Position in 
cDNA' 


Position 
of peptide^ 


2V 


Antisense 


-18 - 145 




Zll 


Sense 


393-605 


134 - 201 


6 


Sense 


2352-2532 


808 - 844 


S 


Sense 


2511 - 2734 


846 - 911 


£28 


Sense 


2603-2931 


879 - 977 


£2 


Antisense 


3150 - 3343 




£20 


Antisense 


3486-3692 




39 


Antisense 


3935 - 4127 




12S 


Sense. 


4102 - 4343 


1368 - 1447 


£VPa2 


Sense 


2494 - 2834 


846-944 


£8 


Antisense 


4123 - 4342 




£VM 


Sense 


2501 - 2670 


846 - 890 



• Position in the cDNA sequence of topoisomerase II; residues numbered as in Tsai- 
Pflugfelder et al.. Proc Natl. Acad. Sd. USA 55:7177-7181 (1988), 

^ Position of the peptide encoded by sense*oriented GSEs in the amino add sequence 
25 of topoisomerase 11; translation assumed to initiate from the first ATG codon in the correct 
open reading frame. 



These results demonstrate that GSEs that act according to multiple mechafusms to 
confer etoposide resistance can be prepared from a random fragment library of DNA 
encoding topoisomerase H. In addition, these results show that GSEs produced from one 
30 mammalian spedes can be active in another mammalian spedes. 
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Generation Of A Normalized Random Fragment 
cDNA library In A Retroviral Vector 

As shown in Figure 2 a normalized cDNA population was prepared using a 

5 modification of the protocol of Patai^jaU et al., Proc Natl. Acad. Sd. USA M:1943-1947 
(1991). Foly(A)* RNA was extracted from NIH 3T3 cells. To obtain mRNAs for different 
genes expressed at various stages of the cell growth, one half of the RNA was isolated from 
a rapidly growing culture and the other half from quiescent cells that had reached complete 
monolayer confluency. To avoid overrepresentation of the 5'-end sequences in a randomly 

10 primed cDNA population, RNA was fragmented by boiling to an average size range 600- 
1,000 nucleotides. These RNA fragments were then used for preparing randomly primed 
double-stranded cDNA. This randomly primed cDNA was then ligated to a synthetic 
adaptor providing ATG codons in all three possible reading frames and in a proper context 
for translation initiation. The structure of the adaptor (see Hgure 3) detemuned its ligation 

15 to the blunt-ended fragments of the cDNA in such a way that each fragment started from 
iiutiation codons independently from its orientation. The adaptor was not supplied with 
termination codons in the opposite strand since the cloning vector pLNCX, contained such 
codons immediately downstream of the cloning site. This vector has been described by 
Miller and Rosman, Biotechniques 7:980-986 (1989). The ligated mixture was amplified by 

20 PGR, using the "sense" strand of the adaptor as a PGR primer, in contrast to the method 
of Patanjali et al., which utilized cloning the initial cDNA preparation into a phage vector 
and then using vector-derived sequences as FCR primers to amplify the cDNA population. 

-25- 



The PCRs were carried out in 12 separate reactions that were subsequently combined, to 
minimize random over- or under-ampUfication of spedfic sequences and to increase the 
yield of the product The PCR-amplified mixture was size-fractionated by gel 
electrophoresis, and 200-SOO bp fragments were selected for subsequent manipulations in 

5 contrast to Pataqjali's fragment size range of from 400 to 1,600 bp. 

For normalization, the cDNA preparation was denatured and reannealed, using 
different time points, as described by Pataqjali et al., supra, and shown in Hgure 2, for 
reannealing. The single-stranded and double-stranded DNAs from each reannealed mixture 
were separated 1^ hydro^^apatite chromatography. The single-stranded DNA fractions from 

10 each time point of reannealing were PCR-amplified using the adaptor-derived primer and 
analyzed by Southern hybridization for the relative alnmdance of diiferent mRNA 
sequences. The fraction that contuned similar proportions of tubulin, .£ilIlX£ md^Jo^ cDNA 
sequences (see Figure 2), corresponding to high-, medium- and low-e9q>res$ed genes, 
respectively, was used for the library preparation. 

15 The normalized cDNA preparation was cloned into the Cla I rite of the MoMLV- 

based retroviral vector pLNCX, which carries then^fi (G418 resistance) gene, transcribed 
from the promoter contained in the retroviral long terminal repeat G^1K)» and which 
expresses the inserted sequence from a strong promoter of the qrtomegalorinis (CMV) (see 
Figure 3). The ligation mixture, divided into five portions, was used for five subsequent 

20 large-scale transformations of E.coli. The transformed bacteria were plated on the total of 
500 agar plates (150 mm in diameter) and the plasmid population (18 mg total) was isolated 
from the colonies washed off the agar. A total of approximately 5 x 10^ clones were 
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obtained, more than 60% of which carried the inserts of normalized cDNA* as estimated by 
PCR amplification of inserts from 50 randomly picked colonies. These results demonstrate 
the feasibility of generating a normalized cDNA libraiy of as many as 3 x 10^ recombinant 
clones in a retroviral plasmid expression vector. 

Emmplc 3 

Transduction Of A Retroviral Random Fragment library 
Into Vima-Packapny Cell Unea And NrtH 3T3 Ce»a 

The plasmid library prepared according to. Example 2 was converted into a mixture 
of retroviral particles by transfection into virus-packaging cells (derivatives of NIH 3T3) that 
express retroviral virion proteins. Examples of such cell lines have been described by 
Markbwiite et all, Vtroloyv 167 :400-406 (1988)£cotropic and amphotrofuc virus-packaging 
cell lines, GP**>E86 and GP-t-envAmll, respectively, were mixed at a 1:1 ratio, and 10^ cells 
of this mixture were transfected with the plasmid libraiy under standard calcium phosphate 
copredpitation conditions. This transfection resulted in the packa^uig and secretion of 
ecotropic and amphotropic virus particles, which rapidly spread through the packa^ng cell 
population, since ecotropic viruses are capable of infecting amphotropic packaging cells and 
vice versa. The yield of the virus, as measured by the number of G418-resistant colonies 
obtained after the infection of NIH 3T3 cells, reached lO' infectious units per 1 ml of media 
during the stage of transient transfection (1-3 days), then decreased (4-8 days) and then 
rapidly increased due to the c9q>ression of proviral genomes that t>ecame stably integrated 
in most of the packa^ng cells. The yield of the vinis 9-12 days after transfection reached 
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> 10^ per 1 ml of media supernatant At this stage, the Ubraiy showed fairly even 
representation of different fragments, but at later stages individual virus-producing dones 
began to predominate in the population, leading to uneven representation of cDNA-derived 
inserts. The umformity of sequence representation in the retroviral population was 

5 mofutored by rapid extraction of DNA from cells infected with the virus-contaimng 
supernatant, followed by PCR amplification of inserts. The inserts were analyzed first by the 
production of a continuous smear in ethidium-bromide stained agarose gel and then by 
Southern hybridization with different probes, including topiosomerase lUsansi£ ud tubulin. 
As long as each gene was represented by a smear of multiple fragments, the representativity 

10 of the library was considered to be satisfactoiy. 

In other experiments, for transducing the random-fragment normalized cDNA library 
into NIH 3T3 cells, without loss of representativity, NIH 3T3 cells were infected either with 
a virus produced at the transient sUge of transfection (days 1-3), or with the high-titer virus 
collected 10-12 days after transfection. In tfie latter case, 100 ml of viral suspension 
15 contained more than 10" infectious units. In the case of the "transient* vinis, NIH 3T3 cells 
were infected witlf at least 10^ recombinant retro^ruses by using SOO ml of media from 
virus-producing cells (five rounds of infection, 100 ml of media in each). These results 
demonstrate the feasibility of converting a large and complex random fragment library into 
retroviral form and delivering it to a non-packaging cell line mthout loss of complexity. 
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Isolation Of GSEi Conferring Resistance 
To The aicfnotherapctitic Drug Etoooside 

The overall scheme for the selection of GSEs conferring etoposide resistance is 
5 illustrated in Figure 4. This selection was carried out directly on vinis*producing packaging 
cells, in the expectation that cells ^irfiote resistant phenotype b caused by the GSE 
expression wiU produce virus particles canying such a GSE. The mixture of amphotropic and 
ecotropic packagmg cells was transfected with the- cDNA lihraiy in the LNCX vector, 
prepared according to Example 2 and the virus was allowed to spread through the 

10 population for 9 days. Analysis of a small part of the population for G418 resistance showed 
that practically 100% of the cells carried the nfi^-containing provirus. The cells were then 
exposed to 350 ng/ml etoposide for 15 days and then allowed to grow ^thout drug for two 
more weeks. No difference was observed between the numbers of colonies obtained in the 
experiment and in the control (uninfected cells or cells infected with the insert-free LNCX 

15 virus) after etoporide selection. The virus present in the media supernatant of the surviving 
cells was then used to infect NIH 3T3 cells followed by etoposide selection using essentially 
the same protocoL NIH 3T3 cells infected irith the libraiy«derived virus produced by 
packa^ng cells that were selected with etoposide showed a major increase in the number 
of etoposide-resistant cells relative to the control cells infected with the insert*free LNCX 

20 ^drus, indicating the presence of biologically active GSEs in the preselected virus population 
(see Hgure 5A), 
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The provini inserts contained in the etoposide-selected NIH 3T3 cells were analyzed 
by PGR. This analysis (see Figure SB) showed an enrichment for specific fragments, relative 
to the unselected population of the infected cells. Inctividual PCR*amplified fragments were 
redoned into the LNCX vector in the same position and orientation as in the original 

S plasmid, as illustrated in Kgure 6. A total of 42 proviral inserts, enriched after etoposide 
selection, were thus redoned, and tested either in batdies or individually for the ability to 
confer increased etoposide remlance after retroviral transduction into NIH 3T3 cells* Three 
non-identical dones were found to induce etoposide resistance, indicating that they 
contained biologically active GSEs. Etoposide resistance induced by these dones is 

10 illustrated in Hgures 7 and 8. These GSEs were named anti-JUusb VPA and VP9-11. 

The ability of one of these GSEs (anti-J^ho) to induce etoposide resistance was 
further documented by using the isopropyl /9-D-thiogalactopyranoside (IFTG)-inducible 
promoter/activator system, as described by Bairn et al., Proc Natl. Acad. Sd. USA jS:5072- 
5076 (1991). The components of this system include an enhancer-dependent promoter, 

15 combined in cis with multiple repeats of the bacterial ia£ operator, and a gene repressing 
LAP267, an artifidal regulatofy protein derived from the Jas repressor and a mammalian 
transcriptional activator. The anti -khcs GSE was doned into the plasmid pX6.CLN, which 
contains the indudble promotor used by Baim et al., supra, (a gift of Dr. T. Shenk) which 
expresses the inserts from an enhanceriess SV40 early gene promoter supplemented with 21 

20 repeats of the lac operator sequence. The resulting plasmid, which contains no selectable 
markers, was co-transfected into NIH 3T3 cells together with the LNCX plasmid canying 
the neo gene. The mass population of G418-selected transfectants, along with control cells 
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transfected with the insert-free vector, was expoBed to increasing concentrations of 
etoposide, in the presence or in the absence of 5 mM IFTG« Even though the co* 
transfection protocol usually leads to the integration of the GSE in only a fraction of the 
G418-resistant cells, transfection with anti-J(hfi resulted in a cleariy increased etoposide 
S resistance, which was dependent on IFTG (see Figure 8). 

FMmpIc 5 

Sequence Analysis Of GSEs Conferring 
Reaiatancc T o The Chemothgrapcutic Drug Etoooside 

The GSEs anti -khcs. VPA, and VP9-11, cloned as described in Example 4, were 
10 sequenced by the standard dideoxy sequencing procedure, and the deduced sequences are 
shown in Figures 9-11. The nucleotide sequences of the *sense' and "antisense" strands, as 
well as amino add sequences of the peptides encoded by these strands, were analyzed for 
homology to the nucleic add and protein sequences present in the National Center for 
Biotechnology Information data base, using the BLAST networic program for homology 
15 search. No significant homology with any sequence was detected for the GSEs VPA and 
VP9-11. In con^ast, the sequence corresponding to the *antisense' strand of the anti-j(ha 
GSE, showed strong homology with several genes encoding the heavy chain of kinesins, a 
family of microtubule motor proteins involved in intracellular movement of organelles or 
macromolecules along the microtubules of eukaiyotic cells. This protein fsmily has been 
20 reviewed by Endow, Trends Biochem. Sd. 14:221-225 (1991). The highest homology was 
found with the human kinesin heavy chain (KHQ gene, as described by Navone et al., J. 
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Cell BioL 117:1263-1275 (1992). Anti*iha therefore encodes antisenie RNA for a mouse 
khc genet which we term khcs for Jkhfi essodated with sensitivity (to drugs) or senescence. 
We refer to the kinesin moleaile* formed by the association of the Khcs protein with 
kinesin light chains, as kinestn-S, to distinguish it from the other kinesins present in 
5 mammalian cells. These results demonstrate that chemotherapeutic drug selection for GSEs 
can lead to the discoveiy of novel genetic elements, and can also reveal roles of genes in 
drug sensitivity that had never before been suspected. 

Fmmplc 6 

Qoning And Analyris Of ^e Gene From 
10 Whi^^h Anti>khcs GSE Gene Was Derived 



The anti *khca GSE isolated in Example 4 was used as a probe to screen 400,000 
clones from each of two cDNA libraries in the lambda gtlO vector. These libraries were 
prepared by conventional procedures from the RNA of mouse BALB/c 3T3 cells, either 
unsynchronized or at GO Gl transition, as described by Lan and Nathans, EMBO J. 

IS 1:3145-3151 (1985) and Proc Natl. Acad. Sci. USA 11:1182-1186 (1987) (a gift of Dr. U 
Lau). Screening of the first library gelded no hybridizing clones* but two different clones 
from the second library were found to contain anti-jJtua sequences. These clones were 
purified and sequenced. Sequence analysis showed that we have isolated the bulk of the 
mouse khcs cDNA. corresponding to 796 codons (the full-length human KHC cDNA 

20 encodes 963 amino acids). This sequence is shown in Figure 12. The missing 5' and 3' 
terminal sequences are currently being isolated using the 'anchored PGR* technique, as 
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described by Ohara et al.» Proc Natl. Acad. Sci. USA M:S673-5677 (1989). 

The dot-matrix alignment of the sequenced portion of the khcs protein with 
previously cloned KHC proteins from the human (see Navone et al., J. Cell. Biol. JiZ:1263- 
1275 (1992)), mouse (see Kato, J. Neurosd. 2:704-711 (1991)) and squid (see Kosik et a!., 
J. Biol. Chem, 265 :3278-3283 (1990)) is shown in Figure 13. The portion corresponding to 
the anti -khcs GSE, is shown in Figure 9. The khcs gene is most highly homologous to the 
human gene (97% amino acid identity), suggesting that the human KHC fKHCS) gene is 
functionally equivalent to the mouse khcs. The alignment also shows that the anti-JUi^ GSE 
corresponds to the region which is the most highly diverged between different kinesins. This 
result suggests that the anti -khcs GSE is an antisense-oriented GSE fragment with an 
inhibitory effect specific to kinesin-S and not to the other mouse kinesins. This suggests the 
possibility that suppression of the other members of the kinesin family would have a 
detrimental effect on cell growth, thus resulting in selective isolation of the most spedfic 
sequence within the khcs gene. 

Exftmpl^ 7 

Assessment Of Drug Cross-Resistance Conferred By 
. . .. v Resistance To Etoposide 

To determine the spectrum of drugs to which the anti-J^lu^ GSE would confer 
resistance, we have developed a stable population of ecotropic packaging cells producing the 
LNCX virus with the anti -khcs insert This ^rus was used to infect NIH 3T3 cells. Two days 
after infection, the cells were analyzed for resistance to several, different drugs, relative to 
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control ceUs infected with the LNCX vector virus, using the standard plating efficiency assay. 
Figure 14 shows one out of three sets of experiments carried out with different drugs by this 
assay. CeUs infected with the anti-Jdua virus showed a dear increase in their resistance to 
etoposide and Adriamydn relative to control NIH 3T3 cells infected with the control LNCX 

5 virus. No changes in resistance were observed with colchicine* dsplatin, camptothedn, or 
actinomydn D. These latter results remain preliminary^ howevert because this assay, 
analyziiig total unselected virus-infected populations is relatively insensitive, compared with 
analysis of highly expressing individually-selected dones. Overall, these results demonstrate 
that selection of GSEs that confer resistance to one chemother^mitic drug can result in 

10 obtaining GSEs that confer resistance to additional chemotherapeutic drugs. 

Example 8 
Assessment Of Cellular Effects Of GSEs 

Thftt Confer Rcrirtftnc? To EtQpgsidc 

The virus carrying the anti -khcs GSE was tested for the ability to increase the life 
IS span, or primary^ mouse embryo fibroblasts (MEF). MEF were prepared from 10 day old 
mouse embryos by a standard trypsiruzation procedure and senescent cells were frozen at 
different passages prior to crids. Senescent MEF, two weeks before crisis, were infected 
with recombiruuit retroviruses carrying LNCX vector either without an insert or with anti- 
Jdm* Figure IS shows MEF cell colonies two weeks after crisis. Relative to uninfected 
20 MEF celk, or cells infected ^th a control LNCX ^rus, cells infected with anti^khfi showed 
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a gremt increase in the proportion of cellf turviviiig the crisis. Post-crisis celb infected with 
the anti-jdifii virus showed no microscopically vinble features of neoplastic transformation. 
These results indicate that anti-AAcf promotes the immortalization of nonnal senescent 
fibroblasts. These results suggest that the normal function of kinesin-S may be associated 
with the induction of programmed cell death occurring after exposure to certain cytotoidc 
drugs or in the course of cellular senescence* These results also indicate that isolation of 
GSEs that confer resistance to chemotherapeutic drugs can provide insight into the cellular 
genes and processes involved in cell growth regulation. 

Exampte ? 

Assessment Of The Role Of Decreased Jdl£l Gene 
Expression In Naturally Occurriny Mechanisms\Of Ehiiy Resistance 

To test whether decreased khcs gene expression is associated with any naturally 
occurring mechamsms of drug resistance, an assay was developed for measuring J^ii^^ mRNA 
levels by cDNA*PCR. This assay is a modification of the quantitative assay described by 
Noonan et al., Proc Natl. Acad. Sd. USA £2:7160-7164 (1990) for determining jndid gene 
opression. The oligonucleotide primers had the sequences AGTGGCTGOAAAAC- 
GAGCTA ISEQ. ID. No. 191 and CTTGATCCCTTCTGGTTGAT [SEQ. ID. No. 20). 
These primers were used to amplify a 327 bp segment of mouse Jdia cDNA, corresponding 
to the anti-khcs GSE. These primers effidently amplified the mouse cDNA template but 
not the genomic DNA, indicating that they spanned at least one intron in the genomic DNA. 
Using these primers, we determined that khcs mRNA is expressed at a higher level in the 
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mouse muscle tissue than in the kidney, liver or spleen. 

In Mother e}q>eriment a pair of primers amplifying a homologous segment of the 
human KHCS cDNA was selected, based on the reported human KHC sequence published 
by Navone et al., J* Cell. Biol. lIZ-12d3*127S (1992). The sequences of these primers are 

5 AGTGGCTTOAAAATGAGCrC (SEQ. ID. No. 21] and CTTGATCCCITCTOG- 
TAGATG [SEQ. ID. No. 22], and ihey amplify a 327 bp cDNA fragment These primers 
were used to test for changes in the KHCS gene expresrion in several independently isolated 
populations of human HeLa cells, each selected for spontaneously acquired etoposide 
resistance. Bj-microglobulin cDNA sequences were amplified as an internal control. Figure 

10 16 shows the results of the cDNA-PCR assay on the following populations: CX(0), HeLa 
population infected with the LNCX vector virus and selected with G418; 
CX (200), the same cells selected for resistance to 200 ng/ml etoposide; 2:11(0X 6(0) and 
221(0), populations obtained after infection of HeLa cells with recombinant retrovinises 
carrying different GSEs derived from topoisomerase a cDNA, as described in Example 1, 

15 and selected with G418: £11(1000), 6(1000) and £21(1000), the same populations selected 
for resistance to 1 |ig/ml etoponde. As shown in Figure 16, the yield of the PCR product 
specific for the JdbfiS gene was significantly lower in each of the etoposide-selected 
populations than in the control cells. This result indicates that a decrease in the khcs gene 
expression is a conunon natural mechanism for drug resistance. 
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